Based on a standard general equilibrium model for China's macro economy with multi-regional sectors, including water, croplands, agricultural labor and rural households, this study estimated the impact on the agricultural economy and food production from natural hazards in 2007 and considered two simulations: i) the drought-exempt case, which supposed that a drought did not occur; ii) the flood-exempt case, which supposed that a flood did not occur. The discussion focuses on the results obtained from the drought-exempt case, which was similar to but more significant than the flood-exempt case, because the drought in 2007 was the most widespread in recent years and was also more serious than the flood. In both cases, real GDP obtained insignificant positive effects contributed by the rise of agricultural output, but the effects on nominal GDP was negative. All agricultural productions increased their outputs and exports, especially for sorghum, oil seed and corn. Another finding was that more capital and less labor were related to most crop productions. All food productions also increased their outputs and exports, thus their energy inputs increased, especially for sugar, meats and vegetables. Households benefited from lower prices for all agricultural and food products from more domestic outputs and fewer imports. However, more food consumption and higher welfare occurred in urban households rather than in rural households. This was due to the declines in the returns of cropland and in the wages of agricultural labor. The worst rural households were located in Shandong, Henan, Hebei, Yunnan, Anhui, and Heilongjiang.
Introduction
In the past several decades, regional and paroxysmal meteorological disasters have dominated in many parts of China, causing great economic losses and affecting local sustainable development (Chen & Yang, 2013 ). China's recent relentless droughts and floods have threatened millions of lives and agricultural production. Such impacts include the loss of US $ 6 billion and the lack of water for 23 million people during the drought in the southwest in early 2010 and losses of US $ 40 billion and 2, 000 deaths due to flooding in 2011 (Li, 2012) . With respect to agriculture, unforeseen crop failures caused by natural hazards may also be instrumental in the reported losses. This paper uses a computable general equilibrium model with an energy module (CGE-Energy model) to quantify the effect of regional natural hazards (droughts and floods) on the agricultural economy and food production as well as their effects on regional rural households. In China, droughts have been widespread and have caused serious losses in throughout history while floods, on the other hand, are the most frequent natural disaster. According to Figure 1 , droughts have affected larger areas than floods over these years. The most widespread drought occurred in 2007, where the nationally cultivated area affected by the drought was 16169.9 ha, an area that accounts for 10.54% of the total land area. The flood-affected area was 5104.7 ha in this same year, which was the third worst loss for 2007. The distribution of the occurrence of natural disasters and their impact is a reflection of the regional disparities in physical geography as well as the social and economic development of China (Liu, Yang & Li, 2012) . With respect to the impact of natural disasters on regional development, the frequency of the disasters or the absolute loss in agriculture becomes the main consideration. Simelton (2011) contends that between 1955 and 2008, the southern parts of China experienced less severe drought impacts compared to the northern provinces, and the same or more intense flood impacts compared to the northern and southwestern provinces. The details of the regional areas affected by drought and flood of 2007 are displayed in Figure 2 . As evidenced in this figure, the areas where the effects of the drought exceed 30% include Inner Mongolia and Jilin, and those where the effects are between 20% and 30% includes Liaoning, Heilongjiang, Gansu and Ningxia; Those areas hit hardest by the flood, that is, where the affected area exceeds 10% is Anhui, while the second most negatively impacted by the floods include the regions of Hubei, Chongqing and Sichuan.
Food Consumption and Energy Requirement
The size of China and its number of inhabitants ---one-fifth of the world's population ---along with the fact China has less than 7% of the world's cultivated land must be considered in this study (Zhao et al., 2008) . Subsequent scientific analyses have noted that, while China produces approximately one-fifth of the grain produced globally, it trades very little in the three main staple crops ---rice, wheat and maize. Hence, China is largely self-sufficient (Dawe, 2009 ). This basic characteristic reveals the fact that the loss of cropland due to droughts and floods will have a profound influence on food security in China for decades, if not centuries (Yang & Li, 2000) . Accordingly, while the significance attached to the national strategy for cropland protection, especially with respect to natural hazards, should be further enhanced and iterated on a regular basis, the systematic analysis of the macro economy, including the diversity in multi-regional households, is rarely found in the literature.
On the other hand, Harvey and Pilgrim (2011) argue that during a recent debate, a primacy of claim over land use for the production of food was staked, though the demand for energy and materials, in particular the development of alternatives to counter the depletion of petro-chemical resources, was not addressed in this debate, a failure that could inevitably result in major economic and social disruption on a global scale. In addition, Lucas, Jones and Hines (2006) posit that industrialized farming systems require 50 (sometimes up to 100) times the energy input of traditional agricultural systems, and it is estimated that 95% of all food products require the use of oil. Therefore, enhanced and sustainable social welfare will depend on developing new forms of agricultural production of both energy and food, highlighting the significance of 'the sustainable intensification of global agriculture (Godfray et al., 2010) .
Hypotheses
We aim to simulate the short-term effects of the China droughts and floods of 2007. Based on the estimation from existing data regarding the affected areas at the regional level, we consider two cases, respectively: simulation 1, suppose the droughts did not occur (S1: Drought-exempt case); simulation 2, suppose the floods did not occur (S2: Flood-exempt case). We contend that a more significant impact will be observed in the Drought-exempt case than in the Flood-exempt case as a basic hypothesis. The detailed hypotheses that guide our research in this study include:
Hypothesis 1 (H1): In both cases, as all of the outputs of agricultural products will increase, their exports will also increase and their imports will decrease. The growth of agricultural production will contribute to the increase in real GDP, although the nominal GDP will decrease due to the lower consumer price index.
Modeling Framework
The standard CGE model has often criticized as being insufficiently validated (Beckman, Hertel, & Tyner, 2011) . Thus, the CGE-Energy model applied herein modifies the production structure of the standard CGE model to more closely represent the ability of firms to substitute among alternative fuels as well as among labor, capital and energy for food and energy production by removing energy from intermediate input nest and incorporating into the value-added nest, thus resulting in the GTAP-E model. The advantage of CGE model with energy is that this formulation allows for: i) the substitution among the relevant fuels; ii) the substitution between energy and capital in the energy-capital composite nest; and iii) substitution between the energy-capital composite nest and other factors (Nijkamp, Wang, & Kremers, 2005) . We refer to the GTAP-W model by combining multi-regional water inputs of different crop productions with their multi-regional croplands, where these water inputs are also removed from intermediate input. Burniaux and Truong (2002) . Food sectors include meat, vegetable oil, milk, grain, sugar, other food and alcohol, drink and tobacco. To minimize production costs, it is assumed that each sector produces one kind of good and that all sectors make production decisions in accordance with the principle of constant returns to scale. This model uses the nesting constant elasticity of substitution (CES) production function type. The nesting structures of the CES production function of different production sectors differ due to their differences of required input factors. We divide production sectors into three categories: i) the agriculture and construction sectors, which employ multi-regional inputs including croplands, waters, and agricultural labors combined with macro non-agricultural labor and capital; ii) the food and energy sectors, which require multi-energy inputs; and iii) the multi-regional waters as well as other sectors considered as normal in the standard CGE model. The nesting CES production structure of the above production sectors are shown in Figures 3-6 . The values of substitution elasticity (σ) are derived from previous studies. (NBSC, 2008b) . Indeed, the SAM given from Ge and Tokunaga (2011) has only the aggregated account defined as the electrical, gas and water account without a signal water account. However, there is no data in detail regarding regional water inputs distributed by different agricultural and food productions. To separate this account, we use a constant share to derive the water account and the new aggregated account of electric power and gas. Furthermore, the regional water sectors -the production and distribution of water defined in office database, are derived from the China Regional Input-Output Table ( NBSC, 2011) . Since there are only two sectors ---agricultural sector and food sector defined in this regional input-output table, we assume the constant shares of regional water inputs are used to separate the sectoral water inputs in agricultural and food productions. These regional water sectors represent the water demand and supply at the regional level. Cropland, agricultural labor and rural household are also divided into 16 regions including Guangdong, Jiangxi, Hainan, Yunnan, Guangxi, Henan, Jilin, Anhui, Heilongjiang, Hebei, Hubei, Chongqing, Sichuan, Inner Mongolia, Shandong, and other regions, which are the same as those in the water sector. For the sake of brevity, the detailed SAM can be obtained from the authors upon request.
Database and Assumptions of Model
As a single country, open economy, the CGE model assumes a small country context in which the world prices of imports and exports are exogenously fixed. The CGE-Energy model follows the Armington (1969) assumption as do most CGE models. The domestic production of each commodity is allocated between domestic and export markets through a constant elasticity of transformation (CET) function, and the domestic consumption of each commodity is presented by an Armington composite commodity combined with domestic products and importing products according to the CES function. Those values of elasticity in the above functions are also derived from previous studies by Zhai and Hertel (2005) and Willenbockel (2006) . The impart tariff of each sector is estimated by Ge and Tokunaga (2011) . Together with the estimated values of the substitution elasticities obtained from the literature, the equilibrium is calibrated based on the underlying dataset.
On the consumption side, the consumption behaviors of multi-regional rural households (16 provinces, the same as those for water, agricultural labor and land) and one urban household are defined by the Stone-Gary utility function with diversity in the income elasticities of commodities (see Appendix 2). One of the important parameters for calibration when using the Stone-Gary utility function is the Frisch parameter, which describes the relation between the price elasticity and the income elasticity for each commodity. The value of the Frisch parameter is equal to -3.5 for all households according to Zhao and Wang (2008) . There are two monetary measures for the changes in welfare compared with the benchmark equilibrium and the proposed change. The first measure is the equivalent variation (EV), which measures the income change at current prices that would be equivalent to the proposed change in terms of its impact on utility. The second monetary measure is the compensating variation (CV), which measures the income change that would be necessary to compensate the consumer for the price change that is induced by the proposed change (EcoMod Modeling School, 2013) . As in a typical CGE analysis, we only discuss the change in EV such that: if EV is positive, the simulation increases welfare, and if it is negative, the simulation decreases welfare. In addition, government consumption and investment are assumed to be Cobb-Douglas with respect to all commodities.
As the CGE-Energy model is a static equilibrium model, we interpret the benchmark equilibrium as a representation of the national economy over a period of time. The domestic prices of imports and exports are in Chinese Yuan (RMB). For simplicity, in the base year, all prices are assumed to equal one. The wage of non-agricultural labor is exogenously fixed as the numeraire price index. Other fixed valuables include the sectoral stock changes as the balancing account; the total amount of agricultural labor supply in different regions and the non-agricultural labor supply; the capital endowments from enterprise as well as urban and multi-regional rural households; and transfers from the rest of world, enterprise and government to households at the regional level; and the balance of total export and total import (namely, foreign saving). Table 1 . Modified values of cultivated land input in social accounting matrix PDR -paddy; WHT -wheat; COR -corn; VEG -vegetable; FRU -fruit; OSD -oil seed; SUR -sugarcane; POT -potato; SOR -sorghum; OCR -other crops.
Simulation Results and Discussion

Simulation Design
The changes caused by natural disasters in our simulation focus on the variations of the cultivated areas at the regional level. Because the cropland in the SAM, as estimated by Ge and Tokunaga (2011), is the initial cultivated level without any information about drought and flood, the first step for this study is to modify those values by reducing the parts affected by the droughts and floods in 2007. These modified values for all crops are displayed in Table 1 . We define modified rate using the following method: affected farming area = cultivated area of farming -drought affected area * 0.3 -flood affected area *0.3; affected rate = (affected farming areainitial farming area) / initial farming area. The affected area is defined by the National Bureau of Statistics as a cultivated area with more than 30% harvest loss (CIESIN & SEDAC, 1997 -2009 ).
In a second step, the above modified values of cultivated land are input into SAM as a baseline to estimate the parameters (see Table 2 ) for two simulations: S1 supposes drought did not occur, namely, Drought-exempt case; and S2 supposes flood did not occur, namely, Flood-exempt case. We then test the three hypotheses. For example, with respect to the Guangdong region, if the drought did not occur, the modified value of its total cultivated area should increase by 1.36%. If the flood did not occur, this value should increase by 0.830%. Note: Column (1) presents the initial value of regional total amount of cultivated lands from Ge and Tokunaga (2011); Column (2) lists the modified values of them equal to the summation of regional input croplands shown in Table 2 ; Columns (3) and (4) are estimated parameters according to the database regarding 16 regional totally cultivated areas and the areas affected by drought and flood. All data are derived from China Rural Statistics Yearbook 2012 (NBSC, 2012). Table 3 presents the results generated by the macroeconomic effects of the two cases. S1 obtains more significant changes in all results than S2, regardless of sector, thus suggesting that in 2007, the drought had more serious implications than did the flood in China. However, in reality, the change in the macro economy exhibited no significance in either of two cases. S1 increases real GDP by 0.0005%, which is mainly contributed by the increase of 0.0228% in the output of crops. The nominal GDP, on the other hand, decreases basically due to the 0.0193% reduction in the consumer price index. Furthermore, all of the other indices including capital return, exchange rate, total consumption, total investment, total export and total import suffer negative effects. As the changes in results of S2 are similar to S1, they are not more remarkable than S1. Therefore, if the droughts or the floods did not occur, the macro economy would not be expected to increase significantly, even thought there would be an increase in crop production. Note: "Price" is the price of Armington composite products aggregated from domestic and import products, and it presents the selling price the final demand including household should charge.
Results and Hypothesis Testing
Impacts on Macro Economy and Agricultural Production
While all of the outputs and exports of crops are increased in S1 and S2, the results in S1 are more significant than S2. In S1, the best three crops are sorghum, oil seed and corn, which increase their outputs by 1.289%, 0.251% and 0.078%, respectively, and increase their exports by 3.652%, 0.628% and 1.121%, respectively. S1 and S2 also decrease the price and import of all crops. Therefore, the domestic demand, for example, the household, will benefit from lower prices of agricultural products as the share of domestic products will increase (see Table 4 ). Therefore, according to the results presented in Tables 3 and 4 , H1 is supported. S1 also demonstrates more significant results than S2 in Table 5 . Column ALW in S1 and S2 represents the simulation that if the drought or the flood did not occur, the croplands would increase, and thus, the aggregated regional cropland (ALW) would also increase. We also find that sorghum, potato and corn account for more of the ALW than the other crops, and their increase with respect to ALW are 5.730%, 1.721% and 3.332%, respectively. A new finding is that most crop production requires greater capital and reduces the input of labor, including agricultural labor and non-agricultural labor. There are only two exceptions to this finding: sorghum and oil seed, which increase with respect to all of their inputs. Therefore, for these two cases, whereby more cropland is available, most crop productions employ more capital to substitute for labor and increase their outputs. Moreover, the released agricultural labor is reallocated into non-crop productions, such as livestock, forestry, fishery and service for agriculture. Note: ALW -Aggregated regional land and water; CAP -Capital; LAG -Aggregated regional agricultural labor; LNA -Non-agricultural labor. Note: The meaning of this "Price" is the same in Table 4 .
Impacts on the Food Production
In both S1 and S2, as food productions increase their outputs and exports, the final products of food decrease in prices and imports (see Table 6 ). We focus on S1 where the increases in outputs of sugar, meat and vegetable are more significant than others with values of 0.022%, 0.018% and 0.017%, respectively. However, the top three increases in exports are meat, sugar and grain at 0.187%, 0.175% and 0.146%, respectively. Furthermore, meat, sugar and grain are consumed at slightly lower prices than other food products with declines in prices at 0.044%, 0.038% and 0.037%, respectively. Meat, sugar and grain are also the top three declining imports, reflecting lower import levels than other food products in that they decrease by 0.091%, 0.075% and 0.068%, respectively. Accordingly, the demand for food products is met by more domestic products and fewer imports. The greater the food production output, the more energy input required, as indicated by the results in Table 7 . Grain is not included as one of the top three food products requiring the most energy. Instead, the top three are sugar, meat and vegetable. These three food products benefit from the increases of all types of energy by approximately 0.024%, 0.021% and 0.020%, respectively in S1. S2 has similar results, though with lower values, thus supporting H2, which states that a drought-exempt case or a flood-exempt case will increase the demand of food production for energy input. Therefore, H2 is accepted. Note: "Food" in this study refers to crops and the products from food industries and includes 5 kinds of products: meat, milk, vegetable oil, gain, sugar, and other food products.
Impacts on Households
www.ccsenet.org/jsd Journal of Sustainable Development Vol. 7, No. 2; 2014 All rural households suffer more significantly in S1 and S2, incurring greater losses in food consumption, income and welfare. Three rural household regions, however, are exceptions, demonstrating increased food consumption, including those from Guangdong, Jiangxi and Hainan. Moreover, urban households exhibit greater benefits with respect to food consumption and welfare; however, their income slightly decreases (see Table 8 ).
Rural households in Shandong, Henan, Hebei, Yunnan, Anhui, and Heilongjiang suffer more significant losses with respect to their welfare at 57.27, 49.94, 36.47, 22.07, 18.89 and 17 .57 million yuan, respectively. The different levels of welfare are determined by the changes in consumption, which are further controlled by income. With the fixed amount of regional lands and agricultural labor in this model, all decreases in the returns of land and in the wages of agricultural labor reduce the income of 16 regional rural households, especially for those rural households located in Jilin, Inner Mongolia and Heilongjiang, whose returns of cropland decrease by 18.407%, 17.803% and 12.509%, respectively (see Table 9 ). If the drought-exempt case or the flood-exempt case is presented as one kind of good harvest, these results support an old finding that a good harvest may reduce the farmer's income due to the lower returns associated with their croplands. Therefore, H3 is also accepted.
Conclusion
By applying the CGE-Energy model in the social accounting matrix of a macro economy with multi-regional sectors, including water demand and supply, cropland, agricultural labor and rural households, this study measured the effects of a drought-exempt case and a flood-exempt case in the worst year for droughts by testing three hypotheses. The real GDP obtains an insignificant positive effect contributed by the increase in agricultural outputs, while all other macro economy indices would be slightly worse, such as a nominal GDP, consumer price index and total consumption as well as total export and total import. The results indicate that in both cases, all agricultural productions increase their outputs and exports, but selling prices and the imports of agricultural products decrease. The most significant three crops in output were sorghum, oil seed and corn because their productions collected more cropland than others. Potato was also cultivated with more cropland, but its increase in output was not more significant than the aforementioned three crops. Another finding was that by investing more land to crop production, more capital and less labor would be required by most of the crops. Accordingly, the released labor could be redistributed into non-crop agricultural productions including livestock, forestry, fishery and service for agriculture. The increase in food production was also evident in the results with the most www.ccsenet.org/jsd Journal of Sustainable Development Vol. 7, No. 2; 2014 three significant outputs occurring in sugar, meat and vegetable oil. The energy input in their production, however, was also greater than that for food products. All exports of food products increased while their domestic prices and imports decreased. Therefore, households would benefit from the lower prices of all agricultural and food products supplied by more domestic outputs and fewer imports. Only urban households benefit from increased food consumption and higher welfare, while rural households would not benefit due to the declines in the returns on cropland and in the wages for agricultural labor. The rural households demonstrating the greatest negative change in welfare are from Shandong, Henan, Hebei, Yunnan, Anhui, and Heilongjiang. This result reveals an old finding that a good harvest may reduce a farmer's income because of a lower return on cropland. Therefore, if the government and farmers aim to protect their losses in harvest from natural hazards, they must prevent the decline in the return of cropland, an issue that should be considered during policy recommendations.
In general, because the results derived from CGE model may be significantly dependent on exogenous parameters, the sensitivity analysis should be performed to guarantee the robustness of model (Harrison, Jones, Kimbell & Wigle, 1993) . In this study, we did not carry out the sensitivity analysis, since all given parameters were derived from previous studies (Ge et al., 2014; Willenbockel, 2006; Zhai & Hertel, 2005) , where the sensitivity analysis on these parameters were already discussed. We admit that several parameters might be too imprecise to reflect the reality, such as the elasticity values of the CES function for the regional land and water composite and the Cobb-Douglas assumption for regional agricultural labor. But because of data limitations, we must accept these parameters. In addition, previous CGE studies suggested that further detailed analysis, based on disaggregated sectors and/or space, can reveal a more thorough and comprehensive figure of disaster impacts (Okuyama & Sahin, 2009) . In this study, however, as our assumption regards only adjustments in regional total amount of cropland, the multiplier effects of droughts and floods were underestimated. In addition, according to the our interview survey on farmers, they always complain that the existing compensated supports, such as disaster subsidy and agricultural insurance, are not enough for compensating their losses in droughts and floods. However, it is obviously difficult for government to measure the actual losses on farmers' welfare. This study provides two simulations ---drought-exempt and flood-exempt to estimate the effects on the households' welfare. While future research could provide more detailed data regarding the impacts of droughts and floods, we will consider improving our simulation for policy instruments in future by introducing new simulation designs with respect to markets, risk mitigation, technical change, value chain integration and insurance and so on. 
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